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ABSTRACT

THE SYNERGISIA OF AUTONOMIC DRUGS ON OPIATE OR
OPIOID-INDUCED ANALGESIA: A DISCUSSION OF ITS

POTENTIAL UTIL.ITY AND AN ANNOTATED
BIBLIOGRAPHY

OBJECT

The object of this paper is to gather together inform~ation per-
taining to the potentiation of opiate-induced analgesia by autonomically
active drugs to facilitate theoretical explanations of their action and
considerations of the practical uses of this type of mixture.

RESULTS

The evidence indicates that combining an opiate with any one of
a diverse group of autonomic drugs will result in an increase in the
degree of induced analgesia. D-amphatamine was particularly con-
sidered since its addition to an opiate increases the analgetic effect
by 60 to 100%. At the same time, d-amp~hetamine helps minimize
the undesirable side effects of opiates by reducing the degree of
nausea, constipation, sedation and mental depression; and by nor-
malizing blood pressure. oxygen consumption, and respiratory rate.

CONCLUSION

The combination of d-amphetamine with an opiate for the in-
duction of analgesia should offer certain unique advantages for use in
civil disasters, combat military medicine, and in other similar situ-
ations in which environmental exposure, hemorrhage, and fear con-
tribute to a danger of death due to shock. Its use would also include
situations in which sedation is contraindicated due to a need to keep
the patient ambulatory and cooperative.

RECOMMENDATION

The possibility of combat military use of tnis mixture should be
given serious consideration. Studies should be conducted to provide
an explanation for the potentiation effect and to seek further evidence
of its practical applicability.
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THE SYNERGISM OF AUTONOMIC DRUGS ON OPIATE OR
OPIOID-INDUCED ANALGESIA: A DISCUSSION'OF ITS

POTENTIAL UTILITY AND AN ANNOTATED
BIBLIOGRAPHY

L INTRODUCTION

Two major considerations have tended to restrict the utility of
opiate and opioid alkaloids as analgesic agents: first, their tendency
to produce tolerance and addiction; and second, the problems intro-
duced by their side effects of respiratory depression, reduced blood
pressure, ;nental depression, constipation, nausea, and sedation.

The problem of tolerance and addiction has not too greatly af-
fe.cted combat military usage since, generally, a trauma case receives
opiates for a comparatively short period of time. However, the side
effects produced by the actions of opiates on the autonomic nervous
system do constitute a problem, especially in those situations in which
shock is present or imm.inent. Shock is a very common danger when
injury occurs under exposed environmental conditions, and the side ef-
fects of the opiates are such as to intensify shock, er to increase the
likelihooý, of the appearance of profound shock (1, 2).

Considering these difficulties inherent in the use of opiates, a
method of increasing their analgetic activity while reducing their de-
pressant and shock enhancing effects would be of great use in situations
in which shock, ability to carry out instructions, or the necessity of
maintaining consciousness, contraindicates the use of an opiate alone
as an analgesic.

U. DISCUSSION

A rather diverse group of autonomically active agents have been
shown to potentiate the analgetic activity of opiates. The majority of
the investigations relating to this effect are reported in the accompany-
ing annotated bibliography. Evidence for potentiation has been put forth
for parasympathomimetic agents such as neostigmine (3) and physostig-
mine (4). parasympatholytic drugs such as atropine and scopolamine
(5), sympathomimetic agents such as d-amphetamlne (6) and metham-
phetamine (7), syrnpatholytic drugs like chloropromazine (8) and di-
benzyline (9), and drugs of the tryptamine and tryptophahe type (10).
Furthermore, there it no evidence of a relationship between the par-
ticular physiological changes usually considered in connection with 4
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these drugs and the degree to which they are able to potentiate opiates .

-At the present time we have no adequate theoretical explanation
of this potentiation. Investigators havc suggested three theories of
action: I) that 2n excitation of the central sympathetic ne:v'bus. system
produces anal•gesia and that the morphine effect is due to a release of
adrenaline which facilitates sympathetic act'ion (12), 2) that, sInce
opiates act as cholinesterase inhibitors and mo"phine is potenl iated by
cholinesterase inhibitors, the induced analgesia is a "cholinergic"
event (13); and 3) that, since all of the agents which potentiate morphine
can be structurally related to the hypothesized central adrenergic
"alpha" and "beta" receptors, the action of poteitiation is through an
active competition with morphine for adrenergic sites, thus leaving
more opiate available for analgetic action (9). At present, the evi-
dence available discounts the first two theories (5, 11, 14, 10) and not
enough.evidence exists to support the "adrenergic competition" hypothe-
sis. However, regardless of the present lack of a theoretical expl-ana-
tion of this potentiation, empirical evidence does demonatrate the fact
of its existence and its potential usefulness in combat inilitary medicine
or situations of civil disaster.

Of the various drugs which will potentiate an opiate-induced
analgesia, d-amphetamine seems to offer the greatest practical utility
because it counteracts the shock-enhancing alpects of morphine ac'ion.
Also, more evidence exists as to its clinical effects when combined with
opiates' than for the other agents. The first mention of a true potentia-
tion of an opiate-induced analgesia by d-amphetamine was presented by
Ivy and his colleagues in 1944 (6, 15, 16). However, a6 early as 1941,
Abreu and Handley (17) had shown that amphetamine could normali..

respiratory depresaion and oxygen conaum'ption in nuorphinized rats.
Similarly, Ln 1941, DeVoine Guyot (18) relFted that pati-cents with corn-
nary occlusion when treated with 0. 5 gr to 0. 75 gr of morphine alone
would show more vomsiting, inhibition of bowel action, respiratory de-
pression, hypotension, and mental depression than when the same dose
of morphine was given in combination with 10. 0 mg of r-amphetamine.
Also, Morrison and Abreu (19) showed that the depression of oxygen
uptake in dogs by 10 mg/kg of morphine could be combated by 0. 5 mg/kg
of 1-amphetamine, d-amphetamine, or r-amphetamine. Im this study
the d-amphetamine raised the depressed oxygen consumption by Z2%
and was superior to the racemic or levo-rotary forms.

In 1944, Ivy and his'colleagues demonstrated that d-amphetamine
4could increase an opiate-induced analgesia In dogs (15), In mice (16),
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and in man (6). In man, 16 mg of morphine sulate in combination

with 20 mg of d-amphetamine sulfate produced a degree of analgesia
607 greater than with the same dose of morphine alone. At the same [
time, the Mixture overcame the depression of morphine on respiration
and blood pressure, reduced nauzea and vomiting, and normalized the
critical flicker fusion threshold Lrnd choice reaction time of the Sub-
jects.

Betveen 1944 and 1950 the •otentiation of opiate and analgesia
by d-amphetamine w. 3 confirinec. by Nickerson and Goodman (20) with
normal stibjects oiven isonipecaine. Also, Abel and Harris (Z1) showed
the effect with obstetrical patients. During the same period, Handley
and his collea'gues (22, 23) reconjirmed the normalizing effects of am-
phetamine on respiration, pulse rate, and blood pressure of mor-
phinized patients. They also showved that d-amphetamine was superior
to metrazol, ephedrine, caffeine, and niketharnide in combating opiate
side efiects. Nickerson (24) in 1950 by testing the reduction of pain in-

duced by immersion of the hand in ice water showed the opiate potenti-
at'•$ - -Aect of d-amphetamine in humans by combining meperidine (100 • ,

mg) ý_id _,-amphetamine (10 mg).

The first large scale clinical test of an opiate mixed with d-
axaphetamine was conducted in 1951 (25). Abel and his associates
demonstrated with 7, 000 obstetrical cases that adding 5 mg of d-
amphetamine to 10 mg of morphine would provide good analgesia with
the minimum of side effects and also shorten the length of time to the
first inspiration by newborn infant as cormpared to the time of inspira-
tion of the infant for patients given morphine alone.

Since 1951 only a few investigators I ave shown interest in this
problem area. Saxena and Gupta (26), Guseva (27), Mataumura et al
(28), Witkin et al (29), and Evans (9, 30), have reconfirmed in labo-
ra'ory studies the potentiation actions of amphetamine on opiate anal-
gesia and sought theoretical explanations for the effect, but clinical
interest seems to have waned.

Perhaps the explanation of the decline of clinical interest lies
in the fact that in a modern hospital shock does not present the major • .
problem that it once did. Thus. there is no pressing requirement for
a morphine compound with little or no shock enhancing property even
if it allows a reduction in the amount of opiate needed to obtain a satis-
factory level of analgesia. Similarly, the overcoming of the mental
depression and sedation produced by morphine has little advantage in
the modern hospital.

3
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On the other hand, the use of morphine in a civil disaster or in
the combat military situation may be quite different in terms of the
requirements placed upon the drug. The administration of 15 mg mor-
phine from a pre-patkaged syringe to a wounded man in a wet, muddy
fcxhole during a Korean winter presents problems not present in a
hospital in the United States. In combat or in situations of civil dig-

s-,er, every con-1it'on is prcesent to ma'cimize the possibiIL'y of death
due to shock. It is in situations of this nature ihat the full potential of
the mixture of an opiate with d-ampheta.-nine wcould be realized.

IIL CONCLUSION

It has been demonstrated in dogs, rats, mice, healthy humans, A&-
and patients that the addition of d-amphetamine to an opiate will in-
crease its analgetic potency from 60 to 100%. At the same time the
addition of d-arnphetamine helps normalize the opiate side effects of
respiratory depression, lowered oxygen consumption, hypotension.
mental depression, constipation, and emesis.

It would seem that this combination could be of great use as a
combat military analgesic and its potential should be further studied.
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AN ANNOTATED BIBLIOGr..APHY OF THE SYNERGISM OF
ANALGESIA OF OPIAT~ES BY AUTONOMIC DRUGS

ABE•L S., ZEIDA B. BALL and S. C. HARRIS
The advantages to mother and infant of amphetamine in obstetri-
cal analgesia. Amer. J. Obst. and Gynccol. 62: 15-27, 1951.

A clinical study of 7, 000 cases given 1/6 gr of morphine alone
or with 5 mg of d-amphetamine. Also 100 mg of demerol alone
and with 1/150 gr of scopolamine. Clinical estimates of mor-
phine-amphetarnine on degree of analgesia were favorable. The
first inspiration of infant was significantly retarded by morphine
alone and z.ormalized by the morphine-amphetamine mixture.

ABEL, S. and S. C. HARRIS
Morphine-benzedrine analgesic in obstetrics. (Abstract) Paper
at Amer. Physiol. Soc. Proceedings, p. 67, 1947.

Nine patients were given 1/4 gr of morphine plus 5 mg of benze-

drine for labor pain. First inspiration of infants born one to
seven hours after drug was 42 sec mean (0-97). Good anal-
gesia during labor was obtained as well as reducing the time to
first inspiration by the infant.

ANGIBEAUD, P., L. BUCHEL and J. LEVY
Sur quelques ph6nomends de synergie. I. Associations d'anal-

gisiques et d'un spasmolytique considdrS comme leur analogue
structural. C. R. Soc. Biol. (Paris), 149: 258-261, 1955.

Using mice with a method of thermal and mechanical stimulation,
the analgetic action of I-amidone, pethidine and morphine was
meaqured alone and in combination with 2-(1-piperidyl) ethyl
ester hydrocholoride of cyclohexylcyclohexanecarboxylic acid.
Synergism was shown with l-amidone, but little effect with
pethidine and none with morphine.

ABREU, B. E. and C. A. HANDLEY
The effects of benizedrine on respiration and oxygen consumption
after morphine in men and rats. U. Calif. Pub. Pharmacol. 2: L2L

99-104, 194Z.

..



Six healthy men received 0. 3 mg/kg morphine SO4 orally. They
were measured one hour later for: 02 consumption, respiration.
cardiac rate, pain by force of a dull point into hand. Also, O0
from rats after 20 mg/kg morphine + 10 mg/kg of benzedrine.
0. 3 mg/kg benzedrine used in humans.

0. 3 nmg/kg of morphine did not significantly depret.s O consump-
tion in humans nor could benzedrine be shown co have any effect
to antagonize. In rats, morphine depression and benzedrine
antagonism were shown.

BOREUS, L. 0. and F. SANDBERG
The influence of three phenothiazine derivatives and of amphen-
azole on the action of methadon. Studies with two algesimetric
methods in untrained human subjects. 3. Pharm. (London). 11:
449-455, 1959.

Chloropromazine and acepromazine ohowed some analgesic ac-
tivity using heat to the thumb nail as a test. Mepazine had no
activity. By this test chloropromazine and acepr-o.nazine did
not potentiate methadone and mepazine antagonized its analgetic
action. Amphenazole had no effect on methadone and a slight ac-
tivity by itself.

BUCHEL, L., 3. LEVY and 0. TANGUY
Sur la potentialisation de l'action analgesique de la 1-methadone
par la 5-hydroxytryptamine (sarotonine). C. R. Acad. ScL 246:
2947-2949, 1958.

Serotonin enhances analgetic action of 1-methadon using mechan.-
ical stimuli. Reserpine promoted release of serotonin but antag-
onized methadon.

CHANG TAN-MU, TAH-CHAO FONG and FU-HAN LUE
Potentiating effects of diphenhydramine on the analgesic action
of Han-Fang-Chi and some other analgesics. Acta PhysioL
Sinica, 21: 133-141, 1957.

Using the method of Reinhard et al the alkaloids of Stephania
tetranda S. Moore (tetrandrine) and also morphine. pethidine
and phenazone were shown to be analgetic alone. Diphenhydramine

9
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significantly potentiated the ajialgetic action of all of these com-
pounds.

CHEN, J. Y. P.
Analgesic-potentiating and diuretic erfects of 1-dl-inethylamino-
3-phcnyl-4--mcthyl-hexane HC1 (z-4) and 1-din-ethylamino-Z-
phenyl-3-mwthyl-pentane HC1 (z-134). J. Pha-niacol. exp.
therap. 117: 451-460, 1956.

Used hot plate with mice and found a true potentiation of 7 mg/kg
of morphine by: z-134, 20 mg/kg; z-4, 20 mg/kg; chloropromazine,
2 mg/kg. Similar results with demerol and tail pinching method.
Drugs not analgetic at these doses by themselves. z-4 and z-134
were respiratory stiznulants in pentobarbitalized dogs. Also.
lowered intestinal tone. z-4 and z-134 increased urine output by
500% over saline controls. Both produce a transitory fall in blood
pressure. No hypnotic potentiating effects with pentobarbital.
Toxic dose of 93 mg in rat produces central excitement and con-
vulsions.

CHRISTENSEN, E. M. and E. G. GROSS
A comparison of the analgesic effects on human subjects of 6
dimethylamino-4-4 diphenyl-3-heptanone (AN148), morphine and
meperidine (demerol) and theyrelative efficiency of AN148 for
preoperative and postoperative use. J.A.M.A. 137: 594-599,
1948.

Used Hardy. Wolff, and Goodell method with eleven trained hu-
man subjects. Subjects guessed compounds used sometimes.
Gave either 0. 3 mg of atropine or scopolamine with methadon
(2. 5 mg), morphine (10 mg) and meperidine (50 mg). In all
cases period of analgesia was shortened and reduced threshold
increases of analgesic. Neostigmine at a dose of 0. 5 mg caused
an increase in threshold by itself and also a synergism with opi-
ate*.

CHRISTIE. G., S. GERSHON. R. GRAY. F. H. SHAW. L McCANCE
and D. W. BRUCE

Treatment of certain side effects of morphine. Brit. Med. 3. .

5072: 675-680. 1958.
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Normal humans given 20 mg or 30 mg of morphine alone or with
amiphenazole or cyclizine. Both reduced vomiting, vausea or
sleepiness of morphine. Amijhenazole at 40-100 mg particular-
ly helpful. No respiratory depression.

COOK, L., GERALDINE NAVIS and E. J. FELLOWS
Enhancement of the action of certain analgetic drugs by ý-diethyl-
aminoethyldiphenylpropylacetate hydrochloride (SKCF No. 525A).
3. Pharmacol. exp. therap. 11Z: 473-479, 1954.

The investigators used tail flick method in rats and found a true
potentiation at 100 mg/kg of SKF 525A of morphine; 2 mg of 4.6x,.
meperidine, 10 mg of Z. Zx; also of demerol, 3 mg, imethorphinan
0. 3 mg and codeine 60 mg. Did not effect morphine induced de-
pression of respiration. SKF 5Z5A enhances analgetic response
of morphine tolerant rats.

COURVOISIER, S., 3. FOURNEL, R. DtJCROT, M. KOLSKY and
P. KOETSCHET

Propridt6s pharmacodynamique du chlorhydrate de chloro-3
(dimethylamine- 3-propyl) -1 0-phenothiazine (4 S60RP), Etude
experimentale d'un nouveau corp utilisd dans l'anesthisie
potentialisde et dana l'hibernation artificielle. Arch. internat.
pharmacodyn. 92: 305-561, 1953.

The investigators used the hot plate method with mice and found
that chlorapromazine produced marked increases in analgetic
potency and time of action of morphine, meperidine, aspirin,
salicylamide, aminopyrine and phenacetin.

DE JONGH, D. K.
Remarks on the mechanism of analgesic action of morphine.
Acta Physiol. Pharmacol. Neerl. 3: 164-172, 1954.

Using radiant heat stimulus in guinea pigs (method of Winder),
tested morphine (4 mg/kg). salicylamide (50 mg/kg), prostigmine
(0. 025 mg/kg), atropine (1. 0 mg/kg) alone and in combination.
Each dirug by itself raised the threshold. Morphine plus prostigmine
was not even additive while atropine plus morphine was additive.
Prostigmine and atropine were antagonistic. The results do not
suggest that morphine acts through a cholinergic mechanism.
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DE VOINE GUYOT, 3.
The-use of benzedrine sulfate to overcome the untoward effects
of morphine in the treatment of coronary occlusion. J. Mo. St.
Med. Assn. pp. 93-94, March 1941.

Human patients with coronary occluaion treated with 1/2 to 3/4
gr morphine plus 10 mg of benzedrine orally. Vomiting was con-
trolled, bowel action inhibited far less, the blood prezisare fall
of 50 to 75 mm with morphine alone was reiduced to 20 mm by
combination. Mental depression was minimized.

EVANS, W. 0.
The potentiation of opiate induced analgesia by stimulant drugs.
I: The effect of monoamine oxidase inhibitojrs and caffeine.
USAMRL Report No. 519, Ft Knox, Ky., 1961.

Using the jump-flinch method in rats codeine SO 4 was found-at a
dose of 30 mg/kg to be potentiated by about 65% by d-ainphetamine
(2. 5 mg/kg) and antagonism by about 40% by caffeine citrate (12
mg/kg). Iproniazid (40 mg/kg), P -phetiylisobutylhydrazine (5. 0
mg/kg) and P-phenylisopropylhydrazine (5 mg/kg) were found to
have no effect.

EVANS, W. 0.
The potentiation of opiate induced analgesia by stimulant drugs.
H: The effect of sympathomimetics. USAMRL Report, Ft Knox,
Ky. (in preparation).

Using the jump-flinch method in rats 16 mg/kg of morphine SO4
was found to be potentiated by 100% by both d-amphetamine (5
mg/kg) and methamphetamine (5 mg/kg). Morphine analgesia
was also potentiated by about 6019 by trimethylamine HCI (30
mg/kg), 3, 4-dihydroxybenzaldehyde (20 rmg/kg) and 3, 4-di-
chlorobenzaldehyde (20 rng/kg). Isopropylamine (2 mg/kg),
n-propylamine (2 mg/kg) and sec-butylamine (5 mg/kg) were
found to antagonize morphine by about 50%. Pre-treatment with
30 mg/kg of phenoxybenzamine was found to potentiate morphine
analgesia. The results suggest a relationship to alpha and beta
adrenergic receptors, perhaps a competition of adrenergic agents
and morphine. U L._ _
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FLODMARK, S. and T. WRAMNER
The analg"tic action of morphine, esserine and prostigmine
studied by a modified Hardy- Wolff-Goodell method. Acta
Physiol. Scand. 9: 88-96, 1945.

Using 19 human subjects with radiant heat method to compare 15
mg tf morphine with 3 -.ng of morphine plus 0. 5 rng of prostigmine.
Mixture was 40% raore analgetic. Prostigmine at I mg and also
esserine at 1 mg produced slight rises in threshold of pain.

GERSHON, S., D. W. BRUCE, N. ORCHARD and F. H. SHAW
Amiphcrazole and morphine in the production of analgesia.
Brit. Med. .. 5092: 366-368, 1958.

500 cases treated with morphine and aniphenazole (2-4, diamino-
5-phenylthiazole) (in doses up to ZOO mg t. i. d. ). Morphine may
be given in large dozes without risk. No sedation found, addiction
to morphine doesn't develop with months of treatment. No euphoria
is present with mixture. No withdrawal symptoms.

GOETZL, F. R., D. Y. BURRILL and A. C. IVY
The analgesic effect. of morphine alone and in combination with
dextroamphetamine. Proc. Soc. Exper. Biol. and Med. 55:
248-250, 1944.

Using mice iith tail pinching method given 20 mg/kg of morphine
SO. and 35 mg/kg of d-amphetamine. Mixture produced an in-
crease in threshold to squeal of about 50S% and eliminated the usual
morphine induced Straub reaction. Action developed within 60 mini
to max and lasted six hours to base line return.

GOETZL, F. R., D. Y. BURRILL and A. C. IVY
The analgesic effects of sympathomimetics and the combination
of morphine with amphetamine. Proc. Inst. Med. Chicago. 15:
87-88. 1944.

Using voltage to metal tooth filling in dogs and man. Used first
twitch or first pain report. Found d-amphetamine enhanced
analgesia. Results confirmed with tail pressure to squeal in
mice.

13

• I k
L lame:

- -- *i 4



-• -r• ,=l.1,; = , " S••. • ,: • - • =r's 'a " " a•l. - *XJ" " °v"° . J S" - -" -

GRIMMETT, M. R., K. D. NEAME and F. N. FASTIER
Interaction between 4-methyl-2 amino-pyridine (W45) and certain
other drugs, particularly morphine. Proc. Univ. Otago. Med.
Sch. 38: 9-10, 1960.

W45 has some analgetic potency of its own and also enhances
that of morphine using pricking of a rat's ear as the method in
doses 20-40 mg/kg of morphine and 2. 0 to 6. 0 of W45. Its own
analgetic effects are not antagonized by naldrphine. Its own ef-
fect was increased by a pre-treatinent with phen#.lzine but not ef-
fected by reserpine or amphetamine.

GRODEN, B. M.
Daptazole: an aid to morphine administration. Surgo,(Glasgow),

* Z3: 122-125, 1957.

A review of the literature on the combination of amiphenazole and
morphine. Concludes the combination is clinically useful.

GUSEVA, E. N.
Combined action of analgetic morphine substitutes with analeptics. ,• .

Farmakol. I. Toksikol. 20: Suppl. 1, 1957 (Russian Text).

Morphine and morphine like drugs were combined with amphet-
amine (30 mg/kg), caffeine (0. 3 mg/kg) or 5 (Z-bromoallyl)-5-
isopropylbarbituric acid (30 mg/kg). Mice were used to test
analgetic potency. All potentiated morphine. Larger doset• of
caffeine or amphetamine antagonized morphine.

HANDLEY, C. A. I,
A comparison of the action of ami hetamine with other central
nervous s) stem stimulants in morphine respiratory depression.
Proc. and Trans. Texas Acad. Sci. 28: 95, 1945.

Same material as in Anesthesiology, 6: 561-564, 1945.

'YANDLEY, C. A. and D. L. ENSBERG
A comparison of amphetamine sulfate with other stimulants of
the central nervous system in morphine respiration depression.
Anesthesiology, 6: 561-564, 1945. .

14
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Fourteen humans took 0. 5 mig/kg s. c. of morphine SO4 . Five
studied with each drug.

Minute Vol.
% increase over

Dose in mg/kg depressed state

Amphetamine SO4  0.2 10Z
Caffeine and Na 3enzoate 10.0 17
Ephedrine SO4  0. 5 30
Metrazol 5.0 z1
Nikethamide 7.5 37

Amphetamrine-and ephedrine also raised morphine depressed
pulse and blood pressure. None of the others did this.

HANDLEY, C. A., D. ENSBERG and H. M. SWEENEY
The relative efficiency of central nervous system stimulants in
respiratory depression from morphine. Fed. Proc. 3: 75, 1944.

Eight human subjects given 0. 5 mg/kg of morphine S04 produced i
consistent respiratory depression which was maximal after one
hour. Stimulants were given one hour after morphine. 0. 1 - 0.4 4
mg/kg of amphetamine (s. c. ) increased respiration back to nor-
mral. Metrazol and caffeine produced a weak stimulation but not
as effective as amphetamine.

HARRIS, S. C. and F. J. FRIEND
Contribution of adrenals to morphine analgesia. Fed. Proc. 6:

Using tail pinching method in rats after 5 mg/kg of morphine
SO4 (s. c. ). In rats with bilateral adrenalectomy, but with
cortices autotransplanted to the anterior chamber of the eye,
the effect of morphine was reduced by 40%.

HERZ. A.
O3ber die Potenzierung der Morphinwirkung durch Spasmolytica
vom Typ des Scopolamis. Naunyn-Schmiedebergs Arch. Exp.

i Path. Pharmak. .38: 110-111, 1960.

15
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The cataleptic-narcotic action of morphine As enhanced by scopol-
amine, benactyzine, trihexyphenydyl, car amiphen and beperiden.
Muscle tone is greatly reduced. The analgetic actions of morphine
are enhanced some by scopolamine. A large enhancement of anal-
gesia occurs with phenglutarimide and beperiden. The active €

drugs are considered to be acting in a similar fashion to chloro-
promazine. Beperiden is 2 (Bicyclo [2:Z:1I Hept-5-EN-ZYL)
phenyl-l-piperidenepropanol (it lowers Ach content of lýrain: ,see
Haas, H. et al, Arch. Int. Pharmacodyn. 128: 204-252, 1960).

HURST, E. W. and 0. L. DAVIS
Studies on the blood-brain barrier. III. Attempts to influence the
passage of substances into the brain. Brit. J. Pharmacol.
Chemotherap. 5: 147-164, 1950.

Using the reaction of rats to thermal stimuli the effect of a
number of substances on nmorphine analgesia were studied by
changes in mean reaction time. Of theocin, sodium lactate,
hexamine, glycerol, adrenalin (. 002 mg/100 g) + pituitrin and &:
histamine (17. 5 mg/100 g) only histamine and pituitrin + adrena-
line changed morphine (0. 2 mg/100 g) -actions by potentiating
analgesia. Also using various dyes it was found that neutral-red
chloride (I cc/100 g of 1%) given i.p. for four succestive days
prior to morphine produced a potentiation. No explanation was
presented.

IVY, A. C., F. R. GOETZL and D. Y. BURRILL
Morphine-dextro- amphetamine analgesia. War Med. 6: 67-71,
1944. -

21 healthy humans were given s. c. 16 mg of morphine SO4 and
and 20 mg dextroamphetamine. Recorded pain threshold by
stimulating metal filling of tooth, critical flicker fusion, blood
pressure, pulse rate and choice reaction time. D-amphetamine
raised pain threshold of morphine about 60%. Mixture also
raised CFF threshold above morphine, blood pressure, pulse
rate were normalized and speeded choice RT. There was less
nausea and vomiting following the mixture than with morphine
alone. Drowsiness was much less with the mixture.

1
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IVY, A. C., F. R. GOETZL, S. C. HARRIS and D. Y. BURRILL
The analgesic effect of intracarotid and intravenous injections
of epinephrine in dogs and subcutaneous injections in man.
Quart. Bull. Northwestern Univ. Med. Sch. 18: 298, 1944.

Using tooth pulp stimulation method in dogi they found that
epinephrine, ephederine and amphetamine all produced a
potentiation of morphine analgesia. These drugs also had
some anaigetic action of their own. Similar studies on man
confirmed the results.

KNOLL, J. and E. KOMLOS
Die Analgetische Wirkung des Atropins und sein Synergismus
mit Morphin und Prostigmin. Acta Physiol. Hung. 2: 57-68,
1951.

Used mice on hot plate method and found that at a dose of be-
tween 50-100 tig/kg atropine significantly potenti.ited the anal-
getic action of morphine at doses of 1-5 mg/kg. Similarly at
a dose of 5 mg/kg scopolamine synergized the analgetic effects
of morphine. Giving atropine plus prostigmine (0. 1 mg/kg) plus
morphine praduced a degree of analgesia greater than any one or
any combination of two of them.

KNOLL, J., E. KOMLOS and J. PORSZASZ
Analgesie und cholinesterasehemmung. Acta Physiol. (Budapest),
2: 478-491, 1951.

Used the mice on hot plate method to measure analgetic activity
and cholinesterase activity of morphine, methadone, prostigmine,
amidazophene, pethiadine and atropine. No relationship was
found between ChE activity and analgesia. A synergism of anal-
getic activity was found between morphine and prostigmine. Used
5 mg/kg of morphine and 0. 1 mg/kg of prostigmine.

KOMLOS, E., J. PORSZASZ and J. KNOLL
Morphin-Prostigmin Synergismus. Acta Physiol. Acad. Sci.
(Hung), 1: 77-90, 1950.

Used hot plate method in mice and found prostigmine to potentiate
morphine at doses 0. 8 - 5. 0 of morphine and 0. 1 of prostigmine. 4

17
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There was also a potentiation of toxicity. Atropine (3Z0 mg/kg)
reduced the synergism of toxicity.

KULSRESHT14A, J. K. and P. N. SAXENA

Effect ot atropine and hyoscine on morphine induced analgesia.
Indian J. Phy,;iol. Pharniacol. 1: Z04-207, 1957.

No significant changes in thct AD50 of mnorphine in rats was pro-
duced in combination with 150-300 jig/kg or scopolamine HBr at
150 jig/kg at 300 jig/kg in rats scopolamine reduced analgesia.

MATSUMURA, M., S. TA2(AORI and R. INOKI .X _•
Suppressive synergism of morphine with metharitphetamine on
the afferent pathways of the central nervous system in the cat.
Jap. J. Pharmacol. 9: 67-74, 1959.

Cats under hexobarbital or spinal chord cut. Drugs given i.v.
The effective dose of morphine was 6 mg/kg. Both marphine
and methamphetamine suppressed cortical and intraspinal po-
tentials of splanchnic afferent stimulation. Morphine was more
potent at suppressing augmenting responses following repetitive
stimulation of the medial leminicus. Definite synergism was
shown for the drugs on this augmenting response. Methampheta-
mine more st:'ongly suppressed recruiting responses following
repetitive stimulation of nucleus centre median. Possibly some
synergism here. Morphine inhibited cortical responses but
methamphetarnine did not. No synergism shown in the cortex.

McKENZIE, 3. S.
The effect of amiphenazole on morphine induced analgesia in
mice. Aust. J. Exp. Biol. Med. Sci. 38: 47-59, 1960.

Used hot plate method in mice and found amiphenazole to poten-
tiate morphine analgesia by i.p., s.c., oral routes. Effects on
codeine were mild and variable. Suggest use in clinic to reduce
necessary amount of narcotic.

MERCIER, F. and PAULETTE ETZENSPERGER
Potentialisation par la spart~ine de l'actavite analgesique exper-
im-nale. C. R. Soc. Biol. 148: 1431-1434. 1954.

18
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Used the D'Amour and Smith method with the rat. Both temper-
ature and time to reaction were measured. Sparteine (10 mg/kg)
was given with:
morphine 1. 5 mg/krg potentiate
morphine 2. 5 mg/kg

diamorphina 0. 5 ing/kgX
) ~codeine 20. 0 trig/kg

dihiydrocodceine 10. 0mg/kg naoiz
dihydroc'-d.ethyline 10. 0 mng/kg iio effect
dihydr one 1. 0 mg/kg
piridosal 5. 0 mg/kg
aritipyrine 100. 0 mg/kg
pyramiden 100. 0 mg/kg
aspirine 60. 0 mg/kg potentiate
benzoxzizolone 100. 0 mg/kg

MERCIER, F. and PAULETTE MARINACCE
Influence exercde par un ester du diethylaminodthanol sur
l'activit6 expi~rimenta!e de quelques analg~siques ceritra~ux.
C. R. Soc. Biol. 145: 1340-1342. 1951.

Us;ing hot plate method of Woolfe and Macdonald animals re-
ceived either morphine (2. 5 - 5. 0 mg/kg), dihydrone (2. 0
mg/kg) or pethidine (10 mg/kg) alone or in combination with
25 mg/kg of an ester of diethylaminoethanol (anisylhydro-
c:nnamol), an antispasmodic agent. The degree of enhance-
ment of analgesia was the. same as if the dose of morphine
had been increased by 10001.

MERCIER, F.. 3. MERCIER. PAULETTE ETZENSPERGER and
D. ROUILLON

Reinforcement par les gangliopl6giques des activitds anal-
g~siques et anesthidsique locale expdrimentale. C. R. Soc.
lDiol. 148: 1448-1450, 1954.

Used rats with the method of Lespagnol arid Mercier in which
the intensity of hot plate heat to reaction is measured. 1. 5
mg/kg of morphine was enhanced by Sparteine (10 mg/kg). ,
pendiomide (2. 5 mg/kg), penthonium (2. 5 mg/kg), hexa-
rnethonium (2. 5 mg/kg) and tetraethylammonium (2. 5 mglkg).
Enhancement up to 10001 for Sparteine and down to 3%1 for tetra-
ethylammonium. The analgetic activity was not prolong~ed.

19
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MILOSEVIC, M. P.
The analgesic activity of sympathomirnetic amines. Acta Med.
Jugosl. 12: 111-119. 1958.

Contact heat in mice showed weak action of adrenalin which is
blocked by adrenergic blockers. Adrenergic blockers potentiated
methadone. Nalorphine did not block epineplizene effect. Amphet-
amine and methamphctamine potentiated ojiate. Adrenaline does - '--* -

not potentiate opiate.

MORRISON, J. L. and B. E. ABREU
Effects of d-, 1-, and r-amphetamirne on oxygen consumption of
morphinized dogs. Fed. Proc. 2: 88, 1943.

02 consumption in dogs given 10 mg/kg morphine SO4 plus 0. 5
mg/kg of r-amphetamine. d-amphetamine, or 1-amphetamine.
R-amphetamine raised O consumption 13% above basal morphine
level, d-amphetamine 22%1 and I-amphetamine 15%•.

NICKERSON, M.
Analgesic effects of nitrous oxide and meperidine alone and com-
bined with amphetamine. West. Soc. Clin. Rsch. p. 541, April
1950.

Used human subjects with ice water immersion method and
dolorimeter with meperidine (100 mg oral) N2 0 (33% by mask)
with d-amphetamine (10-20 mg). Amphetamine potentiated the
analgesia of meperidine, but not of NZ0. Very little change
under any condition with dolorimeter but good results with ice
water method.

NICKERSON, M. and L. S. GOODMAN
Synergistic isonipecaine-amphetamine analgesia. Fed. Proc.
6: 360-361, 1947.

Investigated human subjects with: .old water immersion, amper-

age applied to metal tooth filling and dolorimeter. 100 mg isoni-
pecaine + 10 mg amphetamine orally affected as a potentiation
only on the "deep pain" of ice water technique. Considered a fac-
tor of more "subjective factor" of deep pain. L- ...-
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PORSZASZ, 3.. J. KNOLL and E. KOMLOS
Wirkvung der parasympathumiiretika auf die analgesia. Acta
Physiol. Acad. %Sci. Hungaricae, 2: 469-477, 1951.

Used a modified hot plate method with mice. Found a synergism
of morphine, methadone, amidazophen, dolantin and hexalgon by:
prostigmine, 0. 1 mg/kg; physostigmine, 0. 1 mg/kg; carbachol,
0. 25 mg/kg. Of these carbachol gave greatest degree of effect.
Tetraethylpyrophosphate at dose of 0. 5 mg/kg gave no synergism.
Concluded that effect is not due to parasympathomirnetic action.

SADOVE, M. S., M. J. LEVIN, R. F. ROSE, L. SCHWARTZ and
F. W. WITT

Chloropromazine and narcotics in the management of pain of
malignant lesions. J. A.M.A. pp. 626-6Z8, June 1954.

Chloropromazine in dose of 25 mg orally b. i. d. was given to 30
patients while reducing their narcotic dose by 50%. All patients
maintained a satisfactory degree of analgesia and some were
better on the mixture than previously on narcotics alone.
Similarly nausea and vomiting were reduced.

SAXENA, P. N. __

Mechanism of cholinergic potentiation of morphine analgesia.
Indian J. Med. Res. 46: 653-658. 1958.

The experimenter used albino rats with bulldog clamp on tail as
analgesic measurement technique. Drugs given alone and in com-
bination with morphine. Pilocarpine, DFP, prostigmine and
atropine tested at doses from 50 to 200 jAg/kg.

Drug ADs 0 in mg/kg

morphine 3.36
morphine + pilocarpine 2. 13* (significant)
morphine + 100 DFP 3.45
morphine + 100 prostigmine + Z00 pg

atropine 2.58

Thus atropine does not antagonize prostigmine potentiation of
morphine. Also, DFP does not potentiate although it is a very
strong anti ChE compound.

N



SAXENA, P. N. and G. P. GUPTA
Analgesia potentiating effects of ephedrine and methamphetamine.
J. Indian Med. Prof. 4: 1553-1554 and 1599, 1957.

Analgetic level determined in rats by hot wire to tail mothod.

Drug AD 5 0 of morphine (rng/kg)

mo .phine 4.29
phenylbutazone lethal at these.doses
morphine + ephedrine (6. 25 mg/kg) 2.94
morphine + ephedrine (12. 50 mg/kg) 2. 17
morphine + methamphetamine (1. 2

mg/kg) 3. 58
morphine + mrethamphetamine (2. 5

mg/kg) 3.12

SCHAUMANN, W.
Zur hypothese eines cholinergen Wirkungsrnechanismus des
Morphins. Naunyn-Schmiedberg's Arch. Exp. Path. Pharmak.
237: 229-240. 1959.

Using the Haffner method in mice it was found that morphine
analgesia was potentiated by neostigmine and physostigmine.
ChE inhibition by morphine previously found in vitro could not
be confirmed in vivo. Irreversible peripheral inhibition of ChE
had no effect on morphine analgesia. Morphine potentiated the
toxicity of neostigmine, but not of physostigmine in mice. A
cholinergic mechanIsm of morphine seems unlikely.

SCHNEIDER, J. A.
Reserpine antagonism of morphine analgesia in mice. Proc.
Soc. Exper. Biol. and Med. 87: 614-615, 1954.

Using tail flick method in mice given 10. 0 mg/kg of morphine
SO4 alone and with either reserpine (10. 0 mg/kg) or chloro-
prorrazine (10 mg/kg). Reserpine antagonized analgesia while
chloropromazine slightly enhanced it and considerably prolonged
it.

a
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SCHNEIDER, J. A. and MARIE McARTHUR
Potentiation action of ibogaine (Dogadin TM) on morphine anal-
gesia. Experimentia, 12: 323-324, 1956.

Ibogaine, an indole alkaloid from Tabernanthe iboga, which has
central stimulant properties was measured with the mouse tail
flick method alone and in combination with 3 mg/kg morphine
for analgesia. Alone, Ibogaine (6 - 24 mg/kg) had no effect
but it significantly potentiated morphine analgesia by about 30
to 50%. Italso increased LD 5 0 dose of morphine and Ibogaine

LD5 0 by five fold. It acted in a similar manner on codeine,
methadone and ketobemidone. Aminopyrine was not potentiated.

SIGG, E. B., G. CAPRIO and 3. A. SCHNEIDER
Synergism of amines and antagonism of reserpine to morphine
analgesia. Proc. Soc. Exper. Biol. and Med. 97: 97-100, 1958.

Used tail flick in mice with s.c. doses: 5 mg/kg morphine SO4

synergized
1. 5-hydroxytryptaime (5-10 mg/kg) Antagonized by
2. tryptamine (100 mg/kg) reserpine at 2. 5
3. 5-hydroxytryptophane (30-400 mg/kg) mg/kg but not by
4. amphetamine (3-5 mg/kg) isoreserpine, ipro-
5. mescaline (10-50 mg/kg) niazid (or iproniazid
6. epinephrine (2-5 mg/kg) + reserpine).

Iproniazid, tryptophane or 5-hydroxyindoleacetic acid had no ef-
fect. Reserpine antagonism believed to be due to catachol •amine
depletion, but this has no effect on synergisms. Suggest re-
tardation of demethylation as possible mechanism of synergism.

SLAUGHTER, D. H.
Neostigmine and opiate analgesia. Arch. int. pharmacodyn. 83:
143-148, 1950.

Used Wolff, Hardy and Goodell method on untrained subjects (6)
with a double blind. Repeated measurements on same subjects
used. Results in units of threshold over 150 min are by integra-
tion of difference from control: morphine SO4 (16 mg). 150;
morphine S04 (8 mg) + neostigmine methyl SO4 (0. 5 mg),181;

pantophon (20 mg), 91; pantophon (10 mg), 31; pantophon (10 mg) - -

+ neostigmine (0. 5 mg), 57; dilaudid (6 mg), 327; dilaudid (3 mg),
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156; dilaudid (3 mg) + neostigmine (0. 5 mg), .223; codeine PO 4
(64 mg), 5; ccdeine (32 mg), -. 7; codeine (32 mg) + neostigmine
(0. 5 mg), 51; neostigmine alone at 0. 5 mg, 81. Neostigmine is
said to reduce side effects of the opiates. Drugs were given
LM.

SLAUGHTER, D. H. and D. W. MUNSELL
Some new aspects of morphine action effects on pain. J.
Pharmacol. exp. therap. 68: 104-112, 1940.

The investigators used responses of cats having their tail
clamped (Eddy method). Drugs given s. c. atropine (. 085
mg/kg) and prostigmine (. 04 mg/kg) were given alone, in
combination with morphine (1. 0 mg/kg), and all three to-
gether. Prostigmine had no effect of itself but potentiated
morphine about 10016. Atropine did not potentiate and re-
duced the effect of prostigmine potentiation.

SZERB, J. C. and D. H. McCURDY
Concentrations of morphine in blood and brain after intravenous
injection of morphine in non-tolerant, tolerant and neostigmine-
treated rats. J. Pharmacol. exp. the'-ap. 118: 446-450, 1956.

Determining if neostigmine potentiates by increasing the passage
of morphine into the brain by measuring brain morphine with and
without neostIgmine treatment. Rats were made tolerant by 37. 5
mg/kg of morphine per day for seven days, 75. 0 mg/kg for the
next ten and 150 mg/kg for the last ten. Neostigmine by i. v. 0. 2
mg/kg 20 min prior to morphine. Spontaneous activity and blood ' -

and brain morphine measured in tolerant and non-tolerant ani-
mals. Free morphine of blood and brain of tolerant rats was
lower than non-tolerant. Neostigmine did not change the free
or bound mozrphine in blood or brain, but did reduce tolerance
to morphine and potentiate its action.

TORDOS, L. and Z. JOBBAGYI
Wirkung von Reserpin auf den Effekt der Analgetika. Acta
Physiol. Acad. Sci. Hung. 13: 171-178, 1958.

Using a modified Woolfe-Macdonald method (hot plate) in rats
reserpine (0. 5 - 1. 0 mg/kg) given 60 min prior, potentiated
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:* morphine, pethidine and aminopyrine. Using tail flick method
this potentiation. was not found.

* WIRTH, W.
Versuche zur Kombiniel-ten Wirkung von Megaphen mit stark

* wirksamen Analgeticis. Arch. f. exp. Path. u. Pharmakol.
222: 75-76, 1954.

Used rats and guinea pigs with a mechanical stimulation method.
Found that the addition of chloropromazine reduced threshold
doses of morphine, meperidine and dormoran to one half to one
third. Lethal dose of opiates was not changed.

WITHIN, L. B., C. F. HEUBNER, F. GALDI, E. O'KEEFE, P.
SPITALETTA and A. J. PLUMMER

Pharmacology of 2-amino-indane .c1 (SUT 8629): A potent non-
narcotic analgesic. 3. Pharmacol. exp. therap. 133: 400-408,
1961.

Used tail flick method in mice and hot plate method with SU-
8629 at 5 mg/kg and morphine at 2 mg/kg. Also used writhing
from acetic acid, spontaneous motor activity, blood sugar.
EST and gastric motility. Orally, SU-8629 is same potency
as morphine but s.c. it is 1/5 as potent. SU-8629 is mild
central stimulant similar to amphetamine but 1/4 as potent.
SU-8629 not antagonized by nalorphine. Both SU-8629 and
amphetamine potentiated morphine analgesia at same dose
of 5 mg/kg but amphetamine was more potent.

WITKIN, L. B., M. MAGGIO and W. E. BARRETT
Independence of sedative and analgetic antagonizing effects of
two reserpine esters. Proc. Soc. Exper. Biol. and Med. 101:
377-379, 1959.

The experimenters used tail flick in mice and found methylpheni-.
date at 5 mg/kg to potentiate morphine analgesia by about 300%.
Reserpine, syrosingopine and methyl-18-0 (dirnethylamino
benzoyl) reserpate (SU-5171) all antagonized morphine to about
the same degree yet all three are not equipotent at sedation.
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WITKIN, L. B., M. MAGGIO, E. O'KEEFE and F. GALDI
A study of some central nervous stimulants in mice. Fed.
Proc. 19: 269. 1960.

The investigators used tail flick to heat in mice. Morphine
analgesia. was potentiated by methylphenidate and also by d-
amphetamine. Metrazol was found to have no effect and re-
serpine antagonized analgetic action.
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I Brooke Ceneral Hospital. Brooks Army Medical Center, flcdioilsotope Clinic. Fort San
Houston. Texas

I Chief Che•-ical Officer. Departnent of the Army. Tashinr.ton 25, D. C.. Attn: DCa,.O/SA
I Chief of Ordnance, Oi . Washington 25. D. C.. Attn: %-s and Spec Proj Section

I Chief of Research and Developeent. Chief IHumon Fcotors R.search Di~ision. Amy Research
Office, Rocs 3D-442. The Pentagon. Der-rtment of the Army, Wahington 25, D. C.

I Chief *of hesearch and Development. Chief. Life Sciences Division. Room 3D.442. Ie
Pentagon. Washington 25. D. C.

1 Chief of .lesearch and Develop-ent. Army Research Offic*. Wt-shington 2S. D. C..
Attn: Scientific Information Branch

1 Commanding General. US Army Alaska. APO 949. Seattle.Vashington. Attn: Surgeo.
1 "Coeanading General. US Army Europe. I.-dical Laboratory. Depntment of Microbiology.

APO 180. US Forces. New York. N. Y.
1 Conmanding General. US Army Europe. Medical Division. Plans and Operations J•rancb.

APO 403. New York. N. Y.. Attn: Chief Surgeon
I Commanding General. US Army Hawaii. APO 957. San Francisco. California. Attn: Surgeon
1 Comnandlng General. US Army Japan. APO 343. San Francisco. California. Attn: Surgeon

I ComAnding General. US Army Ryukyu. Islands IX Corps. APO 331. San Francisco. California.

1 Commanding General. Eighth US Army. AR) 301. San Frmncisco. California. Attn: Surgeon
1 Comnanding General. 7th logistical .Coanod. APO 612. San Francisco. California. Attn:

Surgeon

1 Cammanding General. I Corps Group. APO 358. San Francisco. California. Attn: Surgeon
1 Commander in Chief. US Army Paci.fic. APO 958. San Francisco. California. Attn: Surgeon
1 Fitzsimons General Hospital. Medical Technical Library. Denver 30. Colorado
I Fitzsisons General Hospital. US Army Medical Research and Nutrition laboratory. Denver.

30. Colorado
I Picationy Arsenal. Dover. New Jersey. Attn: COL8BVS3
2 Quartermaster Research and Engineering. Co=anding General. Natick. Massachusetts.

Attn: Technical Library
1 Quartermaster Research and Engineering Field Evaluation Agency. Fort Lee. Virginia.

Attn: Technical Library
I Redstone Arsenal. Commander. Redstone Arsenal. Alaboma. Attn: C•1RW-HI

- e
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No. of US ARMY CONTINUED
Copies

1 Surgeon Ceneral, Department of the Army. Profesvional Division, Washington 25. D. C.
Attn: Psychiatry and Neurology Corsultant

I Valley Forge Army Hospital. P.eonixville. Peinmsylvania, Attn: Medical Library

I William Pr-eausont General Hlospital. Ue.Iical library. El Paso. Texas. Attn: ".d. Librarimt

1 15 Airy Air Defense. Hunan Research Unit. -Fort Bliss. Texas. Attn: Library

1 LS Amy Armer hiuncn m llarch Unit. Dirc-ctor. Fort Knox. Ky.. Attn: L:brarian

1 US A,-y A:or ",'czatty F2awn M-3se"rch Unit, Director of Research. Pcst Office Box 206. -

Fort Peenniag. Georgia. Attn: Library
1 US Army Chenical ie c=rdi cnd Developsent Lchoratorie". Technical Library. Building 330.

Army Chesical Center. Varyland, Attn: Librarian
2 US Army Yk-dical Center. Director of Medical Research O05M. Army Chemical Center, Maryland

1 US Army Chemical Corps. Biological lnboratories. Fort Detrick, Ma:ryland. Attn:
Docurents Librarian

I US Army Dispensary, Springfield Ariory. Springfield. Mae.•.chusetts
I US Army Engineer Rest.-rch and Developn'nt ib:h•utories. Fort Belvoir. Virgin;:.. Attn:

Technical Documents Center

I US Army Environmental Hygiene Agency. Cozwnding Officer. Army L0 emical Center. Maryland

1 US Army Hospital, Fort Lee. Virginia. Attn: 11cdical Library
1 US Army Liaison Group. Project Michigan. Willos :un tIboratorie,. Ytsilanti. Michigan.

Attn: Lt. Col. R. S. Johnston. Executive Officer

1 US Army Medical Ccvzand Jupan. Medical General laboratcry (406) APO 343; San Fi-ancisco.
Caliiornia. Attn: Colonel Carl F. Tessner. tC. (%.onding

I US Army Leadership. Human Research Unit. library. Post Office Box 767. Presidio of
Monterey. California

2 US Army Medical Liaison Branch. Office of the Chief Surgeon. Corgas Hospital, Balboa
Heights. Canal Zone

3 US Army Medical Research and Development Co-mand. Commanding General. Main Navy Bldg..
Washington 25. D. C.

1 US Army Medical fRosearch Unit. Contanding Officer. Panna Field. Fort Clayton. Canal Zone
1 US Army Wedical Unit. Cormanding Officer. Fort Detrick. Maryland

1 US Army Medical Rasearch Unit. Institute for Medical Research. Kuala Lumpur. Malaya

I US Army Ordnance Arsenal. Frankford. Thiladelpbia 37. Pennsylvania. Attn: CRDBA-1734/65-1
Mr. A. !barles Yarr

-2 US Army Ordnance Tank-Autotiotive Camncnd. Detroit Arsenal. Center Line. Michigan

1 US Army Medical Research and Development Command. Office of The Surgeon General. Attn:

I US Army Standardization Senior Representative. US Army Star.ardization Group. Canada
c/o US Army Attache. US Erbassy. Ottawa. Ontario. Canada. Attn: Col Joseph R. Blair

1 US Army Tropical Research Medical Laboratory. APO 851. New York. N. Y.

I US Army Research Office. OCV. Department of the Army. Washington 25. D. C.. Attn:.
Scientific Info. Branch

1 US Atomic Energy Commission. Division of Biology and Medicine. Washington 25. D. C.
Attn: Robert L.Corsbie

3 Walter Reed Army Institute of Research. Walter Reed Army Medical Center. Director.
Washington 12. D. C.

1 Walter Reed Army Institute of Research. Division of Neuropsychiatry. Office of the Dir..
Washington 12. D. C.

I Walter Reed Army Hospital. Army Audiology and Speech Center. Forest Glen Section.
Washington 12.D C.•

1 Walter Reed Army Medical Center. Commanding Officer. US Army Prosthetics Research
laboratory. Washington 12. D. C.

1 Walter Reed Army Medical Center. US Arry kidical Service. Historical Unit. Washingtom 12.
D. C.. Attn: Mrs. Esther E. Roblader. Asst Chief. General Reference and Research DrN
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AGENCY US NAVY

No. of
Copies

2 Bureau of Medicine and Surgery, Director. Research Division. Departnent of the.Navy.
Washington 25. D.C.

2 Bureau of Naval Weapons (rLI- 3!) Department of the Navy. Washington 25. D. C.

I Bureau of Naval Weapons (PA2E-13). Department of the ,lNav?. Ic' ihin.ton 25. D. C.. Atta:
Capt. ralton L. Jones. (0C) U34

2 Bureau of Yards and Docks. DepFrtcont of the Navy. 'xhL•.ton 25. D. C.. Attn: Cede
D-440

1 Chief of Mival Air Techniual iruining. US Naval Air Station. .'.rhis 75. Tenesee.
Attn: Staff .1,.dical Officer

1 Naval Air Crew Equiprent Laboratory, Naval Air Material Center. Philadelphia 12. Pa.

I Naval Air Aes.rve Training, Staff Medical Officer, Us Naval Air Station. Glenview. Ill.

I Naval M-dical flesearch Institute. Technical Reference Library. National Naval Medical
Center, lothesda 14, Maryland

1 Naval ,edical Research Laboratory. Box 100, Naval S&-,cri=e Puse. New London. Conn,

1 Office of Naval Research. (Code 454) Department of the Navy. Washington 25. D. C. , _

I Office of Naval RŽ.',rch (Code 408) Department of Navy. Srpecial Assistant for Medical
czad Allied Sciences. Washington 25. D. C.

10 Office of Naval Research Branch Office, Navy 100. Box 39. t-leet Post Office. New York.
Now York. Attn: Victoria S. Greswold. lHecd. Ad.sinia-trative and Tech Serwice Branch

1 US Naval Air Nevelopment Center. Aeronautical Isistru ant Laboratory. Johnsville. Nu.
Attn: Simulation Branch

I US Naval Air DeveloFent Center. Av-iaticm Medical AC:evlerction Laberatory. Johnsville.
Penusylvnia, Attn: Library _

1 LU Naval Civi Frngineering laboratory. Port Hueneme. California. Attn: Code 313

I US Naval Medi.l Neuropsychiatric flesvarch Unit. Bun Diego 52. California

2 US Naval Missile Center. Point .ucju. California. Attn: Technical Library

I US Naval Wdical School. National Naval Medical Center, Coev.nding Officer. Bethesda 14.
Maryland

1 US Naval Ordnance Test Station. The ),edical Officer (Co.e 88). Station Hospital. Ci=m
lake. California

1 US Naval Radiological DCfunse Iuaboiatory. Commanding Officer and Director (222). Sam
Francisco 24, california

1 US Naval Research Laboratory. Code 2027. Washington 25. D. C.

1 US Naval School of Aviation )edinine. Aviation Psychology Laboratory. US Naval Aviation
Medical Canter-54. Pensacola, Florida

2 US Naval School of Aviation Medicine. Director of Research. US Naval Aviation Center 54.
Pensacola. Florida

2 US Naval Training Device Center. Humdn Engineering Department. Code 34. Port .ashisgtom.
Nee York

I US Naval Weapons Plant. Experimental Diving Unit. -Washington 25 D. C.

AGENCY - AIR FORCE

1 Air Force Flight Test Center. Human Factors Branch (FrFTX Edwards Air Force Base.
California. Attn: Chief. of Human Factors

AIR RESEARCH AND DEVELOPMENT COMMAND

I Air Research and Development Command. US Air Force. (09= Andrews Air Force Base.
Washington 25. D. C.

I Air Research and Development Command. Office of Scientific Research. Behavioral Sciences
Division. Washington 25. D. C.

5 Air Research and Developement Command. Operations Office. Laurence G. Hanscom Field. "I

Bedford. Massachusetts. Attn: CICW

3 Air Research and Development Command. Operational Applications Office. (CCMf).
Laurence G. Hanscom Field. Bedford. Massachusotts

S Air Research and Development Command. Wright Air Development Center. US Air Force.
Wright- Patterson Air Force Ebse. Ohio. A ttn: D. G. Pitts. Vision

I - a
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No. of AIR F'O(. CCrlN]m
Copies

AIR rESFARCH AND J)vLOPMT C0eAND CQITNUED
1 Wright Air Reo.arch and Developqent Cc.,and, (7E7"S Aerospace Medical Library) l.IO

Vright-Putterson Air Force Base C
I Wright Air'Development Division. US Air Force. Aerospce Divj•- n .... .Pottorson Air Force Base. C•io. Att"n: 11. . L. Cl. Cal Dl vsi. k.I Wright Air Baveloaent Division. -rih.Pt-Ntterson Air Force Base Ohio. Attn: T,-p3!A
2 Air Trilning C---nid. Office of The Surgeon G&neral.P, P.cadn!ph Air Force Bcse, Texas
I Arctic Aerqeiedical Laboratory. APO 731, Seattle, %anhin:jton, Attn: Library
I Asgiatant for Ground Safety, [CS/P. US Air Force. Washington 25. D. C
I Ent Air Force Base. Conand Surleon. US Army Air Defense Com-mnd. Colorado, Springs.

Colorado, Attn: Calcnel S. . Newsom. M]
1 Fat Air Force Bcse. Commander Air Develapment Center, 0,10. Humao Facto:s, Box 15,

Colorado Springs. ColoradoI Human Factors Division, Director of Pesearch vnd Technology, 15 Air Force, Fshington25, D. C., Attn: Chi-f. Human Factors Division
3 Lantley Reseoarch Center. Nlatiowal Aeronautics and Space Adsinistration. Langley Field.Vlrginia. Attn: Librarian
1 Rome Air Development Center. Air Research and Development Coenand. US Air Fbrce, Griffiss.Air Force Base. New York
2 tS Air Force Aerospace Medical Center. SAN, (,VSWISH.p) Brooks Air Force Base. Texas
1 US Air Force Hospital. US Air Force Aerospace Medical Center (AIC). lackland Air ForceBase, Texas, Attn: Medical Librarian
1 US Air Forne. St rategic Air Corercd. (SUP3). Offutt Air Force Base. Nebraska.- S

GOVER~vxEYTAL -AGFNCIES1 Argonne National Laboratory. 9700 South Cass Avenue. Argonne. Illinois. Attn: Hoyland"8. YoungI

1 Central Intelligence Agency. 2430 E. Street. N.W.. Washington. D. C.. Attn: 1331. PM Bldg.I Civil Aeroxedical Res.earch Institute. Federal Aviation Agency. Post Office Box 1082.Cklahoma City. Oklahoma
I Library of Concaress. Science cad Tedtnology Division. Washington 25. D. C.. Attn: Dr.

1 National Institute of Health. Library. iuilding 10. Room 3N118. tfnthesda 14. Maryland.
Attn: Acquisitions Section

I National Library of Medicine. 7th Street & Independence Ave. S.W., Washington 25, D. C.
i National Institutes of Health. Division of Research Grants. Inforratiom Office. Beenesda

14. Maryland
I Prosthetic and Sensory Aids Service. Chief. Research and Developwert Division. Veteran@Administration. 252 7th Ave.. Niew York 1. Nlew York. Attn: Eugene F. Murphy. Ph.D.

OTHE1R AGEN4CIES
1 Arctic Health Research Center. Library. Post Office Box 9G0. Anchorage. Alaska
I Bell Telephone Laboratories. Murray Hill. New Jersey. Attn: Max S. Schoeffler
1 Boeing Airplane Company. Central Medical Library. Box 11-40. Post Office Box 3707.Seattle. Washin, toC
1 Boing Airplane Company. Chief. Space Medicine Section. Aero.Space Division. Seattle 24.SWashington. Attn: Dr. Bowney H. Lowry. (Box 19.29)
1 Boeing Airplane Company. Library. Wichita Division. Wichita 1. Kansas
I Chrysler Corporation. Box 1118. Engineering Research Department 921. Detroit 31. Michigms. iAttn: John Versace, Engr. Psychologist1 Electric Boat Division. General Dynamics Corp.. Human Factors Section. Groton. Cam
1 Ford Motor Company. Technical Information Section. Scientific laboratory. Post Office

Box 2053. Dearborn. Michigan
1 General Electric Company. Technical Military Planning Operation. Library. 735 State

Street. Santa Barbara. California



No. of OTHCH AGENClCES CCNTINUED
Copies

I General Electric Company. Advanced Electronics Center, at Cornell University. Ithaca.
Now York

I IN4 Research Center. Biophysics Group. Box 218. Yorktown Heights. New York. Attn: Dr.
W. a. Uttal

1 ITr 41-oratories. Hu.-n Factors Division,110 'ashington Avenue. Nutley 10. New Jersey.
Attn: Richard G J~jzrar. Hue.an Factots Aznulyst

I John Crerar Library. 8S East Pandolph Street. Chicugo 1. Illinois

1 ?byo Clinic. Section of Biophyslcs. Rochester. Miunesota. Attn: Dr. Kenneth N. Ogle

I ,karcy Hospital. Anesthesia Research Laboratory. Locu.t and Pride Streets. Pittihurgh 19.
Pennsylvania

1 Motorola Incorporated. Systems flesearch Laboratory. 9330 Indian Avenue. Riverside.
Califoinia. Attn: R. E. rreese. Tech Info Suprvisor

7 National Aeronautics and Spv.e Administration. 1520 H Street. N. W . Washington 25. D. C..
Attn: Bertram A. yulcahy. Azst Director for Tech.nical Inforzation

2 Rheem Califone Corporation. 1020 North La Brea. Los Angeles 38. California. Attn: Mr.
W. P.. Deutsch. Head. Research and Develorment

1 Srace Technology laboratory. Subcommittee on Noise. 327 South Alvarzdo Street. Los
109gj.les S1. lifornia

I .S-, c.ns Research Center. Lockheed Electronics Corrzny. &mdninster. New Jersey. Attn:"is. E. Wever. Box 37
1 Y erxes Laboratories of Primate Biology. Inc:orporated. Orcn,je Park. Florida

MEDICAL COL1FGE/SCIIOOL LIBRARIFS AND DEPARTMENTS

1 Albany Medical College Library. flew Scotland Avenue. Albany 8. Now York
1 Antioch College. Engineering psNchology Research Project. Yellow Springs. O.io C

1 Bowman Gray School of Yedicine Library. Winston-Salem, North Carolina

1 Brown University. Department of Psychology. Providence 12. Phode Island. Attn: Prof.
I.. A. Riggs

I Bro-.n University. Departrent of Psychology. Providence 12. Phode Island. Attn: Prof.
N.ar,,ld Schlosberg. Consultant

1 College of Medical Evangelists. White !Verorial Medical Library. 1720 Brooklyn Avenue.
Los Angeles 33. California

1 Ceslege of Medical Evangelists. Vernier Radcliffe Memorial Library. Loma Linda. California

1 College of Physicians of Philadelphia. Library. 19 South 22nd Street. Philadelphia. 3.
Pennsylvania

1 Couzbia University. Departeent of Psychology. New York 27. New York. Attn: Dr. C. H.
roahai

1 Coluzbia University Medical Library. 630 West 168th Street. New York 32. New York

I Cornall University Vedical College Library. 1.00 York Avenue. New York 21. New York S-
I Creighton University. Medical-Pharmacy Library. 1401 Davenport. Ckabc 2. Nebraska

1 Erory University. Depurtrent of Psychology. Atlanta 22. Georgia. Attn: Dr. E. A. Alluisi

I Florida State University. Department of Psychology. Tallahassee. Florida. Attn: Dr
V. i. Dawson

1 Forcham University. Fordham Road. New York 58. New York. Attn: R. T. Zegers. Sr.

2 George Washington University. Huron Resources Research Office. P. 0. Box 3596.
Washington 7. D. C.. Attn: Library

1 Pe•rvard School of Public Health. 1 Shattuck Street. Boston 15. Missachusetts. Attn: Dr.
Albert Damon

1 Harvard .Medical Library.25 Shattuck Street. Boston 15. Vassachusetts. Attn: Library

I Indiana University. Department of Psychology. Bloomington. Indlana. Attn: Proi. R. C.
Davis

I Indiana University Yedical Center. School of Medicine Library. 1100 West Michigan Street.

Indianapolis 7. Indiana

I Indiana University Medical Center. 1199 West Michigan Street. Todiunapol is?7. Indiana.
Atmn: Dr. Harris B Shusacker Jr.. Prof. of Surgery

* :i



No. of MEDICAL COLlLCZ/SMO~OL LII!PARIE.S AND DEPARTMENTS
Copies

I Indiana University. Anatocy.Phyziolegy D~tjnrtment, Bloorington. Indiana, Attn: Dr. Sid

1 Jefferson Medical College Library. 1095 T741lnut' Stree t, Philn-ielphia 7, Penn:;ylwania
I Jcl-n t",olkrns University. irelch '~edical Library, 1900 r. 1centStreet. Baltimore 5.

1 n::q-s Elicte University. Psycl-a!-ýqy Division, %1inhatton, Yansas, Attn: Dr. Williax
Be~van

I M=z--etta U~dvviaity. V'.dical-Dental Library. 500 North 10th Street, MiIwrouke-e. Wisconsin

I Fed~cii Collcge of Virginia, To:-p'<ins-McCv.,y Librury. flichts.ond 19. Virginia

1 New York University. College of Engineering Risearch Division, 252 7th Avvi,',i. New York
New York.'

1 New York Academy of Medicine Library. 2 East 103rd Strtct. New Yfork 29. New York

I Xiw York University Medical Center, Medical Library, siio First Avenue. New York 16. N. Y.
I Northwestern University. Department of Psycholcgy. Evannton. Illinois. Attn: WilliamA.

Hunt
1 Northiiiistern University Medical School. Archibald Church Library, 303 E Chicugo Avenue.

Chicago 11. Illinois
I Chic State Univcr.-ity Research Center. Director. Aviation P~..ychology Laiboraitory. 1314

Feanaar flood. Colurbus 12. Chio
1 Oli State University Research Center. Psycholino';i'tics Laboratory. 1314 v..nnear Road.

Coiu-tbus 12. Ohio
*I Ohio State University. Topaz Library. School of Optometry. 338 Test 10th Ave.nue. Colurbus oi

10. Ohio
1 Ohio State Univerxity. 'School of Optometry. Columbus 10, Chio. Attn: GlennU A. Fry. Dir.
1 Rush !'edical College Library. 1758 West Harrison Street. Chlc'r'jo 12. Illinois. Attn:

Librarian
1 Stanford University. Lazne Yedical Library. 300 Pasteur Road. Palo Alto. California .-

1 Stanford University. Departmert of Physiology. Stanford. Culifornia. Attn: J. 14.
Crisoo. N.D.

1 State University of Iowa. College of Medicine Library. Xvdical Laboratories Building.
Iowa City. Iowa

I State University of New York, Downstate Medical Center. Departv.-t of Anesthesiology.
450 Clarkson Avenue. Brooklyn 3. New York

I State University of New York. Downstate !Iedical Center. Medical library. 450 Clarkson
Avenue. Brooklyn 3.* New York

I Texas Yedical Center Library. Jesse H Jones Library Building. Houston 25. Texas
2 Tufts University Institute for Applied Experimental Psycl~ology . lYcdfoid. Masssachusetts
1 Tulane University. School of Medicine, 1430 Tulane Avenue. New Orleans 12. Louisiana.

Attn: G. E. Burch, 14.D.. Professor of "eicine
I West Virginia University. M~edical Center Library. Morqgzntovr.. rest Virginia
I University of Alabama, Medical Center Uibrary.1919 Seventh Avenue South. Birminghiam 3.

Alabam
1 University of Arkansas. Medical Center Library. 4301 West Mairkham. Little Rock. Arkansas
1 University of Buffalo. Ne.rirtrent of Psychology. Buffalo 14. New York
I Universit of Buffalo. Health Sciences Library. Copen Hall 141. Buffalo 14. New York.

Attn: brarian
aI University of California. Vedical Center. Biomedical Library. Los Angeles 24. California

1 University of Chicago. laboratory of Physiological Psychology. Faculty Exchange Box 184.
Chicago 37. Illinois. Attn: W. D. Neff

1 University of Illinois Airport.* Aviation Psychology laboratory. savoy, Illinois

1 University of Illinois. Department of Psychology. Urbane. Illin~ois. Attn: W. E. Kappauf
I Universi ty of Illinois. Department of Psychology. Training Research laboratory. 4S Lincoln

Hall. Urbana. Illinois. Attn: Professor Lawrence 14 Stiolurow. Ph.D.
1 University of Illinois. Doc~iret Division. Urbana. Illinois

1 University of Illinois. Speech Hearing Clinics. 601 E.. John Street. Champaign. Illinois. AL
Attn: John J O'Neill

*1 University of Kansas. Mediccl Center. Clendening Yedical Library. Kansas city. Vanisas
3 University of Louisville. School of Medicine Library. 101 W. Chestnut.St. Louisville. Ky.

" -M'm



No. of MEDICAL COLET,/SCHOOL LIbrARIES AND DEPARTMWEN`S
Copies

1 Ualverzity of Miami. School of .'--dicine. D-iPrtDrent of Ophthal,,olcgy. Micai 39. Florida
I University of Michigan. 4506 Kres'; ..!edical PRe'.earch Building. Ann Arbor. MichigaL.,

Attar Dr. 1onrle Lawrence
1 Universiity of Michigan. Serials and Docutents Section, C'neral Library. Ann Arbor.

Hichigan
I University of .irix'o-sota Library. S-rials Divizion. rioned.polis 14. ."inoesota1 1'r.iv,.-s i .1 of !h.brcr-b_. CoII..Nio of Y'edicir~e -ibictT.,• 42-!,cd V-ývey A•-erue. 0-ahao

Ntbrca:.a. Attn: Librarian
1 Univn-rsity of North Caro!i. Division of H'ealth Affairs Library. North Carolina

Y.x.urial Fo!-pital. Chvpel Ifill. North Carolina
1 University of North Curolina. Dq:irtzent of ,,dicine. ChaOl-.I ill. North Carolina.

Atta: Dr. Richard L. Dobson
I University of North Curolina. School of %.dicine. D-partnent of Phyisiology. Chapel Hill.

Noxth Carolina
I University of Oklivo.a. .edical Cer.ter Li.,rary, 01 N. E. 13th Street. O.!-.hoza City 4.

OClahona
1 University of Oregon. Medical School Library. Portland 1. Oreqon. Attn: Librarian
1 University of Pittsburgh. Falk Library of the Health Professions. Pittsburgh 13. Pm
1 University of Pittburgh. Graduate 3chool of Public Health, Pittsburgh 13. Ph
1 University of Rochester. Departm.ent of Psychology. Roc'ester 20. New York. Attn: Dr.

S. D. S. Spragg
2 University of Tennessee. College of !Medicine. Clinical Physiology - Institute of

Clinical Investigations, 62 South Dunlap. Memephis 3. Tennessee
1 University of Tennaesee. ,!adicnl Units. Mooney Nvzorial Library. 62 South Dunlap.

Veiphis 3. Tennessee
I University of Utah. Yedical Library. Salt Lake City. 12. Utah
I University of Vermont. Colhtgo of Medicine Library. Nurlington. Vermont
1 University of Virginia. Division of FAIucational Research. Old Cabell Hail.

Charlottesville. Virginia
1 University of Virginia. Yedical Library. University Hospital. Charlottesville. Virginia
I University of Virginia. Psychological Inzoratory. Peabody Hall. Charlottesville. Virginia
I University of Washington. Health Sciencesu Library. Seattle 5. Washington .

1 University of Wisconsin. Psychological Abstracts. 600 N. Park St.. Madison 6. Wisconsin
1 University of Wisccnzin. Medical School Library. S.M.l. Building. N Charter Street.

Madison 6 Wisconsin
1 University of Wisconsin. Physiology Studies Division. 600 N. Park Street. Madison 6.

Wisconsin. Attn: Janice Gums. Administrative Assistant

FOR~EIGN
1 American Embassy. Office of the United States Army Attache. Foreign Service, of the 'o /

United States of Azerica. London. Englaud. Army Attache. (Medical)
1 British Army 4Aedical Liaison Officer. British Army Staff. British Embassy. Washington 6.D. C.
1 British Navy Staff Office. Benjamin Franklin Station. Past Office Box 165. Washingtoa.

D. C. . Attn: Surgeon. Captain F. P. Ellis
10 Canadian Liaison Office. US Army. Office of The Surgeon General. Room 1709. Main Navy

Building. Washington 25. D. C.
2 Defence Research Member. Canadian Joint Staff. 1450 Massachusetts Avenue. N. W..

Washington S. D. C.
I tn . TJomrosson Physical Laboratory. Reading University. nhiteknight Park, Beading. England

Attn: Professor h.. V. Ditchburn
1 Karolinska Institute. Department of Histology. Stockholm 60. Sweden. Attn: Dr. Jan

Wersall
I Royal Society of Medicine. Library. I Wimpole Street. London 1.1. Fngland

1 Universita Di Pisa. Instituto Do Fisiologla. Piea. Italy. Attn: Professor Giuseppe
Moruzzi

* .
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No. of FOEIGN
Copies

I Institute of Occupational Health. t!aartmaninkatu 1. Helsinki. Finlond. Attn: Dr Marttl
J. Karvcnen0 Director of the Physioloyical Department

2 University of Western Ontario. Medical School. Departrent of Biophysics. South Street.
Lor4on. Ontario, CGnada. Attn: Dr. Allen C. Burton

1 University of Western Ontario. Depert~ent of Physiology. London. Onturio. Canrdao. Attn:
Professor J. A. F. Stevenson
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